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IMPORTANCE OF MORPHOLOGICAL FEATURES IN ORTHOPTERA IDENTIFICATION
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Abstract: This article analyzes the problems of implementing image recognition methods and algorithms for
identifying biological objects. The Orthoptera group was chosen as a biological object. Orthoptera is a taxonomic order of
insects that includes grasshoppers, crickets, locusts, and others. Approaches to the formation and identification of features
of Orthoptera species and the formation of training and control samples of their samples are proposed. Estimation
algorithms (ACE) were chosen as algorithmic support for identifying Orthoptera collections. ACE is based on the principle
of partial priority. Approaches to the formation of a training and testing complex based on the data from the Orthoptera
collections are proposed. The paper presents the process of developing an information-recognition system designed to
solve problems related to the identification of Orthoptera, as well as experimental studies of the patterns of the
grasshopper subfamily.
Keywords: biological objects, Orthoptera, identification, classification, training set, algorithms for calculation
estimates, software recognition system.
Аннотация: Биологик объектларни идентификациялаш масаласини ечиш учун тимсолларни аниқлашнинг
усул ва алгоритмларини тадбиқ этиш муаммолари таҳлил қилинган. Биологик объект сифатида ҳашаротларнинг
(Insects) тўғриқанотлилар (Orthoptera) туркуми танланди. Orthoptera туркуми турлари идентификацион
белгиларни шакллантириш, уларнинг намуналаридан иборат ўқув ва назорат танланмаларини ҳосил қилиш
ёндашувлари таклиф этилган. Тўғриқанотли ҳашаротлар намуналарини идентификациялашнинг алгоритмик
таъминоти сифатида қисмий прецедентликка асосланган баҳоларни ҳисоблаш алгоритмлари ҳамда тимсолларни
аниқлашнинг алгебраик ёндашувидан фойдаланилган. Тўғриқанотли ҳашаротларни идентификациялашга оид
масалаларни ечишга мўлжалланган ахборот-таниб олувчи тизимни ишлаб чиқиш ҳамда мазкур туркумнинг
темирчаклар кенжа оиласи намуналари устида тажрибавий тадқиқотлар олиб бориш келтириб ўтилган.
Таянч сўзлар: биологик объектлар, тўғриқанотлилар, идентификациялаш, таснифлаш, ўқув танланма,
баҳоларни ҳисоблаш алгоритмлари, дастурий таъминотни таниб олувчи тизим.
Аннотация: Анализируются проблемы внедрения методов и алгоритмов распознавания образов для
идентификации биологических объектов. В качестве биологического объекта был выбран отряд Orthoptera.
Ортоптера - это таксономический отряд насекомых, к которым относятся кузнечики, сверчки, саранча и
другие. Предложены подходы к формированию и выявлению особенностей видов Orthoptera и формированию
обучающих и контрольных образцов их образцов. В качестве алгоритмической поддержки для идентификации
коллекций Orthoptera были выбраны алгоритмы расчета оценок (ACE). ТУЗ основан на принципе частичного
приоритета. Предложены подходы к формированию учебно-испытательного комплекса по данным коллекций
Orthoptera. Представлен процесс разработки системы информационно-распознающей системы, предназначенной
для решения задач, связанных с идентификацией Orthoptera, а также экспериментальных исследований
закономерностей подсемейства кузнечиков.
Ключевые слова: биологические объекты, ортоптера, идентификация, классификация, обучающий набор,
алгоритмы для расчета оценок, система распознавания программного обеспечения.

Introduction. One of the most challenging tasks in identification is to conver information,
which is about the numerous samples of biological organisms - flora, fauna and fungi, to an electronic
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form. As a result, an enormous amount of data is generated. Based on international experience, the
problems of huge information materials about biological organisms (objects), as converting to
electronic form, classification and identification are the most pressing problems of today. In this
regard, the our country has taken the first step towards the computer identification for biological
objects.
In recent years, a number of efforts have been undertaken to prevent extinction of flora and
fauna, to conserve species and to find new species. Today, computer-based identification systems need
to be developed in the version of desktop, mobile and Web applications.
Defining and classifying species of wild fauna and flora is based on complex morphological
features. Morphological features are the main criterion for species classification into systematic
groups, and research has been carried out for many years [1]. Specific identifiers (identifier keys) have
been developed to identify species samples of each family [2]. To date, software and web applications
have been developed based on taxonomic family identifiers in some areas. Such systems are not yet
developed in our country.
The main part. In the fauna of our country there are more than one thousand species of the
order Orthoptera of the class Insecta [3,6]. In this work we will explore some species of Orthoptera.
The morphological features of species of Orthoptera were studied as part of research. The approach of
using recognition algorithms for calculating estimates for identification of insect collections of
Orthoptera based on morphological features is considered.
The identification system is planned to be developed for mature adults called imago. The
morphological-classification features of the body were divided into three parts: head, thorax and
abdomen. The main morphological signs of the head: eyes, lips, antenna, etc. The thorax is divided
into three joints, with 2 pairs of straight wings between the joints and a pair of legs in each joint. In the
abdomen has a stigmata, an ovipositor, a cercus, etc. [4,5]. Particular attention is paid to the color of
each part (Figure 1).

Figure 1. Some morphological signs of the Orthoptera species of insects.

Entomologists have selected 20 features for identification of Orthoptera specimens. There are 6
quantitative and 14 qualitative features [7]. The quantitative features mainly serve to measure length of
a part of object and qualitative features used to identify information such as the shape, colour, and
special features of an object. Unless specific microscopes and colour separators are used to determine
the features values, it may not be possible to accurately determine the feature values.
The following morphological features were identified based on the study of Orthoptera:
scientific name of the species; body (total length, color, margin), head (head shape, eye shape, eye
color, mustache length, special features of mustache), chest (breast shape, shoulder shield (length,
color, shape), wing top (length), color, shape), legs (length of the hind legs, color, special marks)), egg
layer / rack (length, shape, color).
The order Orthoptera is divided into two suborders in Uzbekistan: Ensifera (Dolichera) and
Caelifera. The suborder Ensifera consists of 2 superfamilies, 3 families, 6 subfamilies, 20 genera and
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35 species. For example, we can cite the family Tettigoniidae Krauss (1902), which are prevalent in
our country. The suborder Caelifera include 3 superfamilies, 5 families, 5 subfamilies, 62 genera and
162 species. As an example, for Caelifera we can cite the family Acrididae Macleay [3].
An example for species of the suborders by taxonomic category is shown in the following table
1.
Table 1.
Class
Insecta
Insecta

An example for some species of the two suborders of Orthoptera
Suborder
Family
Subfamily
Genera
Ensifera
Orthoptera
Tettigoniidae
Tettigoniinae
Tettigonia
(Dolichera)
Order

Orthoptera

Caelifera

Acrididae

Oedipodinae

Locusta

Species
Tettigonia
viridissma
Locusta
migratoria

To identify biological objects, we must create a training set. This task defines in the following
steps.
Let 𝑈 be a given set that consists of collection of Orthoptera. Let the set 𝑈 be divided into two
subsets: training set 𝑀 (𝑀 ∈ 𝑈) and test set 𝐷 (𝐷 ∈ 𝑈). Let identification features 𝑥𝑖 (𝑆𝑗 ) that
characterize properties of objects 𝑆𝑗 (𝑗 = ̅̅̅̅̅̅
1, 𝑚) from U be defined in feature space 𝑋𝑖 (𝑖 = ̅̅̅̅̅
1, 𝑛) where
defined in the formula (1).
𝑥11 𝑥12
𝑥1𝑛
𝑥21 𝑥22 ⋯ 𝑥2𝑛
𝑈=[ ⋯ ⋯
(1)
⋯ ⋯ ],
𝑥𝑚1 𝑥𝑚2 ⋯ 𝑥𝑚𝑛
where, 𝑚 – number of objects, 𝑛 – number of features, elements 𝑥𝑖𝑗 ∈ 𝑋𝑖 (𝑋𝑖 ∈ 𝑈, 𝑖 = ̅̅̅̅̅
1, 𝑛) of each of
row are defined objects 𝑆𝑗 = (𝑥1𝑗 , 𝑥2𝑗 … 𝑥𝑛𝑗 ).
If reference objects of a training set 𝑀 are divided to classes 𝐾1 , 𝐾2 , … , 𝐾𝑙 , to they are written
by formula (2):
𝑆1 , 𝑆2 , … , 𝑆𝑚1 ∈ 𝐾1 ,
𝑆𝑚1 +1 , 𝑆𝑚1 +2 , … , 𝑆𝑚2 ∈ 𝐾2 ,
(2)
………………….
𝑆𝑚𝑙−1 +1 , 𝑆𝑚𝑙−1 +2 , … , 𝑆𝑚𝑙 ∈ 𝐾𝑙 ,
where 𝐾𝑢 are classes (𝐾𝑢 ∩ 𝐾𝑔 = ∅, 𝑢 ≠ 𝑔, 𝑢 = ̅̅̅̅
1, 𝑙, 𝑔 = ̅̅̅̅
1, 𝑙 ), 𝑚0 = 1, 𝑚𝑙 = 𝑚, 𝑙 is a number of
classes.
The reference objects of a training set serve to classify control objects that characterizing
features from the feature space 𝑋𝑖 . Different recognition algorithms can be used to solve the
classification problem [8,9]. Recognition algorithms efficiency is determined through the training of
the training set [12]. That is, the best (optimal) recognition algorithm for the given training set is
selected. For this, it is necessary to determine the optimal values of the selected parameters of the
algorithm. The algorithms for calculating estimates (ACE) are taken as a recognition method in our
work.
The ACE based on a principle of partial precedence, which the conclusion that an object
belongs to a class is made based on an analysis of the coincidence of fragments of its features with the
corresponding fragments of features of objects of this class. In principle of partial precedence, a
proximity of objects is associated with the value of the parameter 𝑘 (1 ≤ 𝑘 < 𝑛) which means the
number of selected features.
The statement of main recognition problem is calculating values of predicates 𝑃𝑢 (𝑆) used to
information 𝐼0 (𝐾1 , … , 𝐾𝑙 ) about classes and description 𝐼(𝑆) of control object S. The predicates 𝑃𝑢 (𝑆)
serve to define “𝑆 ∈ 𝐾𝑢 ” or “𝑆 ∉ 𝐾𝑢 ”. In [10], this task performs used a recognizing operator and
decision rule of ACE. In ACE, a recognizing operator converts a standard description of object S
subject to recognition into a set of numerical estimates (Г1 (𝑆), Г2 (𝑆), … , Г𝑙 (𝑆)). A decision rule helps
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us to construct the information vector (𝛼1𝐴 , 𝛼2𝐴 , … , 𝛼𝑙𝐴), 𝛼𝑗𝐴 ∈ {0, 1, ∆} from this set. Here, 𝛼𝑗𝐴 = 0 if an
algorithm does not assign object 𝑆 to 𝑗 𝑡ℎ class; 𝛼𝑗𝐴 = 1, if an algorithm assigns object 𝑆 to 𝑗 𝑡ℎ class;
and 𝛼𝑗𝐴 = ∆ if an algorithm cannot classify object 𝑆.
The ACE consist of six stages, the second stage compares the objects according to their
features [8-10]. If there are different types of signs in the attribute space, then elementary logical
classifiers will be constructed for each group of signs [11]. In stages 2-5 of the ACE, voices of objects
for each class are calculated based on a comparison of their respective subsets of features and the
voting result is expressed in the form of table 2.
Table 2.
𝑆1
𝑆2

…

𝑆𝑚

𝐾1
𝛼11
𝛼21
𝛼𝑚1

The table for determining the belonging of objects to classes
…
𝐾2
…
𝛼12
…
𝛼22
…
…
…
…
𝛼𝑚2

𝐾𝑙
𝛼1𝑙
𝛼2𝑙

…

𝛼𝑚𝑙

Where, 𝛼𝑞𝑢 ∈ {0, 1, ∆}, 𝑗 = ̅̅̅̅̅̅
1, 𝑚, 𝑢 = ̅̅̅̅
1, 𝑙 .
The Orthoptera Recognition complex is being developed with the help of Java (Java FX)
programming language for identifying Orthoptera insects. It is designed to solve the classification
problem in two ways: 1) using pattern recognition methods, 2) using identifier keys of species.
The solution to the problem of voting on the training set of the order of orthoptera is as follows.
As experimental data are taken 6 classes, and they consist in each of 12 objects that each is
characterized by 20 identified features. Initially, a share of each feature is calculated during the
learning process of a given training set. The calculation process is performed in stages 2-5 of the ACE
using the Orthoptera Recognition complex.
Table 3 shows the share of each feature obtained from a learning process.
Table 3.
#
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Feature
X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12

Determining the relations between classes of Tulipa
the share of
#
Feature
feature
0
13.
X13
50
14.
X14
0
15.
X15
97
16.
X16
50
17.
X17
2
18.
X18
66
19.
X19
33
20.
X20
0
21.
X4,X11,X19
33
22.
X2,X4,X5
100
23.
X2,X5,X13
0
24.
X2,X5,X13

the share of
feature
50
66
0
33
66
0
100
58
100
100
50
50

Table 3 shows 24 situations from ∑𝑛𝑘=1 𝐶𝑛𝑘 . In the following scientific works, we will
investigate the calculations of proportion of a pair of features in solving classification problems.
Conclusion. This paper investigated the classification and morphological features of
orthopterian species and analyzed their identification problems. If this process is continued for the
required subset of feature space, it is possible to build algebraic procedures on recognition algorithms.
This research work was carried out on the basis of the pilot project BV-Atex-2018- (22).
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